Recent investigations have revealed hitherto unsuspected roles for small, non-coding RNA molecules and regulated pre-mRNA splicing during meiosis in fission yeast. When diploid fission yeast cells are triggered to enter meiosis by nutrient deprivation, there is a concomitant decrease in their intracellular cAMP levels. This results in the activation of a high-mobility group (HMG) family transcription factor, the stell protein, which induces transcription of a wide range of genes via a common DNA sequence element (called the TR box) located in their promoters [2] . Ultimately, entry into meiosis requires inactivation of the pat1 protein kinase, brought about by its binding to the mei3 protein [3] . mei3+ expression is dependent upon heterozygosity at the mating-type loci, and the mating-type genes are also induced by stell (Fig. 1) (Fig. 1) . Originally, mei2 + was not thought to be required beyond this point, but + and other genes. (The broken arrow indicates that mei3 + expression, although stel 1-dependent, requires heterozygosity at the mating-type locus.) The mei3 protein binds to the patl protein kinase to inhibit its activity, which results in activation of mei2. mei2 function is required at least twice during meiosis -prior to pre-meiotic DNA replication and at the first meiotic division. In the figure, mei2 is shown complexed with RNA at both points, although a requirement for mei2-RNA complexes has been demonstrated for the first meiotic division only. mesl protein function is required for the second meiotic division. The progression of fission yeast cells through meiosis is shown schematically at the bottom, with the DNA content per nucleus is indicated in multiples of the haploid DNA content (1C, 2C or 4C) . See text for details.
The fission yeast Schizosaccharomyces pombe is a predominantly haploid organism that exists in two mating types, h-and h + . When deprived of nutrients, haploid cells of opposite mating type accumulate in the G1 phase of the cell cycle, from where they are able to conjugate to form a heterozygous (h-/h + ) diploid. Under conditions of continuing nutrient deprivation, the diploid zygote then undergoes meiosis and sporulation to produce four haploid ascospores. In recent years, substantial progress has been made in understanding how the complex processes of conjugation and meiosis are regulated in fission yeast, with both transcriptional and post-translational events being identified as playing important roles [1] .
When diploid fission yeast cells are triggered to enter meiosis by nutrient deprivation, there is a concomitant decrease in their intracellular cAMP levels. This results in the activation of a high-mobility group (HMG) family transcription factor, the stell protein, which induces transcription of a wide range of genes via a common DNA sequence element (called the TR box) located in their promoters [2] . Ultimately, entry into meiosis requires inactivation of the pat1 protein kinase, brought about by its binding to the mei3 protein [3] . mei3+ expression is dependent upon heterozygosity at the mating-type loci, and the mating-type genes are also induced by stell (Fig. 1) . In this way, the cell ensures that pat1 inactivation occurs only in heterozygous (h-/h + ) diploids under conditions of nutrient deprivation; this is important as inappropriate inactivation of patl (in haploid cells, for example) has lethal consequences [1] .
One possible target of the patl protein kinase is mei2 [4] . Like mei3 + , mei2+ function is required for pre-meiotic DNA replication, so that mei2A/mei2A h-/h + diploid cells become arrested prior to this step with a single nucleus and 2C DNA content (Fig. 1) . Originally, mei2 + was not thought to be required beyond this point, but + and other genes. (The broken arrow indicates that mei3 + expression, although stel 1-dependent, requires heterozygosity at the mating-type locus.) The mei3 protein binds to the patl protein kinase to inhibit its activity, which results in activation of mei2. mei2 function is required at least twice during meiosis -prior to pre-meiotic DNA replication and at the first meiotic division. In the figure, mei2 is shown complexed with RNA at both points, although a requirement for mei2-RNA complexes has been demonstrated for the first meiotic division only. mesl protein function is required for the second meiotic division. The progression of fission yeast cells through meiosis is shown schematically at the bottom, with the DNA content per nucleus is indicated in multiples of the haploid DNA content (1C, 2C or 4C) . See text for details.
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recent work by Watanabe and Yamamoto [5] has shown that mei2 + is also required later for entry into the first meiotic division, and has shed surprising new light on the nature of mei2 function. The requirement for mei2 + function for entry into the first meiotic division was demonstrated using a new temperature-sensitive mei2 allele, mei2-33. At the restrictive temperature, this mutant behaves like other, previously isolated mei2 alleles, blocking entry into pre-meiotic DNA replication. At semipermissive temperatures, however, pre-meiotic DNA replication occurs as normal in mei2-33 cells, but further progress through meiosis is blocked, and the cells arrest with a single nucleus and 4C DNA content. Thus, mei2 + function is required at least twice during meiosis, first prior to pre-meiotic replication and again later, prior to the first meiotic division [5] .
In order to identify genes that interact with mei2 + , Watanabe and Yamamoto [5] searched for high-copy suppressors of the mei2-33 mutant phenotype at a semipermissive temperature. One such suppressor was sme2 + .
Disruption of the chromosomal sme2
+ gene showed that sme2+ was not required for vegetative growth or for conjugation, allowing a sme2A/sme2A h-/h + diploid strain to be constructed and its meiotic behaviour examined. Following nutrient deprivation, pre-meiotic DNA replication occurred as normal, but the cells then arrested with a single nucleus with a DNA content of 4C, indicating that sme2 + function is essential for the first meiotic division. Thus, the sme2A phenotype is indistinguishable from that seen with mei2-33, the mutant that is rescued by sme2+ overproduction. Other mei2 mutants (that is, those that block before pre-meiotic DNA replication, including a mei2A allele) are not rescued by sme2+ overexpression, suggesting that the mei2+-sme2+ interaction is specific for the first meiotic division [5] .
By testing a variety of sub-clones for their ability to rescue the mei2-33 phenotype, sme2+ activity was localized to a 700 base pair (bp) region of DNA. Northern blot analysis identified several transcripts originating from this region of the chromosome, the principal transcriptional products being RNAs 440 and 508 nucleotides in length, differing only at their 3' ends as a result of using different polyadenylation signals. Both these transcripts were induced by nutrient deprivation. Strikingly, DNA sequence analysis failed to identify any long open reading frames (ORFs) within this region, and mutational analysis of several short ORFs showed that none of these was essential for sme2+ function. These observations suggested that the functional product of the sme2 + gene is not protein but RNA [5] .
This led Watanabe and Yamamoto to re-analyse the mei2 protein sequence for homology to known proteins, and to the discovery that mei2 carries two 'RRM' motifs characteristic of RNA-binding proteins [6] , one in the amino-terminal half of the protein and the other near the carboxyl terminus. Each RRM motif consists of two conserved sequences, called RNP1 and RNP2 [5, 6] . To test whether it was capable of binding directly to the sme2+ transcripts (called meiRNA), mei2 was expressed in bacterial cells and purified protein tested for its ability to bind to synthetic meiRNA in a band-shift assay. The results obtained from this experiment were clear: mei2 was able to bind to the meiRNAs. This interaction was confirmed by showing that complexes precipitated using anti-mei2 antisera from fission yeast cells contained meiRNAs [5] . Thus, mei2 protein is capable of binding meiRNAs both in vitro and in vivo.
The question remains, what does the mei2-meiRNA complex do? Watanabe and Yamamoto [5] suggest a number of possible functions. The complex may function as a transcription factor, as expression of several genes during meiosis apparently requires mei2 function, although this may be an indirect effect. Alternatively, the mei2-meiRNA complex may be involved in regulating RNA splicing events during meiosis. This is an attractive possibility, as instances of meiosis-specific pre-mRNA splicing have been found in both S. pombe and in budding yeast, Saccharomyces cerevisiae (see below).
The finding that mei2 acts in concert with the meiRNAs at the first meiotic division also raises the question of whether mei2 must bind to another (as yet unidentified) RNA species in order to fulfil its role in pre-meiotic DNA replication. Watanabe and Yamamoto suggest that this might be the case, as they describe a mutant mei2 protein, altered in the carboxy-terminal RRM motif, that is defective for entry into pre-meiotic DNA replication as well as for meiRNA binding. A possible explanation for this is that the mutant protein is unable to bind to an RNA molecule that is required for mei2 function prior to pre-meiotic DNA replication [5] .
This in turn raises the attractive possibility of different mei2-RNA complexes regulating the events of meiosis in a temporal sequence, but until other mei2-binding RNAs have been identified and characterized, this possibility remains a speculative one. Intriguingly, another RNA-binding protein with RRM motifs, spo5, has been identified mutationally as being involved in the meiotic pathway in fission yeast [7] . Inactivation of spo5 + slows progress through meiosis and prevents spore formation, while overexpression of spo5S rescues sme2A cells. The spo5 protein is, however, unable to bind meiRNA in vitro, suggesting this protein is likely to have a different RNA partner in vivo (Y. Watanabe and M. Yamamoto, personal communication).
As noted above, a possible role for the mei2-meiRNA complex during meiosis in fission yeast is in promoting meiosis-specific RNA splicing. This suggestion is prompted by the observation that S. pombe mesl + premRNA is spliced only during meiosis [8] . mesl + function is essential for the second meiotic nuclear division, as mesl/mesl cells become arrested at the binucleate stage (see Fig. 1 ). Sequence analysis of the cloned mesl+ gene and corresponding cDNAs revealed the presence of two short ORFs separated by a 75 bp intron that contains an in-frame stop codon. Transcription of the mesl + gene, like that of mei2 + and sme2 + , is induced by nitrogen starvation. However, mature mes l + mRNA is only seen when heterozygous (h+/h-) diploid cells proceed through meiosis; in mei2/mei2 h-/h+ diploids, mes + premRNA accumulates and is not spliced [8] . This unspliced RNA encodes a truncated protein that is incapable of rescuing mes 1-mutant cells.
How is this splicing event regulated? The reason that mes l + pre-mRNA is not spliced during vegetative growth probably lies in the fact that the sequence at the 5' splice site in the mes I + intron (GTTAGT) differs from the consensus (GTANGT) established from comparative sequence analysis of other S. pombe introns. Splicing during meiosis presumably requires some alteration of the cells' splicing machinery to occur in order to allow this sequence to be used efficiently. How this is brought about remains to be seen. Two obvious possibilities are that the specificity of the splicing machinery is altered either by the modification of existing splicing factors or by the binding of meiosis-specific regulatory factors to the spliceosome.
In budding yeast, the Merl protein is a strong candidate for having the latter role [9] . Merl protein function is required for efficient meiosis-specific splicing of MER2 pre-mRNA, which like mes + pre-mRNA has a 5' splice site that does not fit the derived consensus (GTTCGT rather than GTANGT). MER2 itself is required for meiotic recombination and spore viability [9] . A simple model would have the Merl protein infiltrating the spliceosome during meiosis, altering its structure such that the non-consensual MER2 5' splice site can be recognized; but the simplest models do not always hold true. In a recent study, Roeder and colleagues [10] described the isolation of twelve second-site mutations that bypass the requirement for Merl protein function. All twelve mutations mapped to the gene encoding U1 snRNA in budding yeast, and appeared to function by enhancing base pairing between the mutant Ul and the non-consensus 5' splice site found in MER2 pre-mRNA [10] . Thus, MER2 splicing can also be restored by modification of pre-existing spliceosome components.
In higher eukaryotes, numerous instances of differential (particularly tissue-specific) splicing have been reported. Will more cases of regulated splicing in yeast be discovered? There is indirect evidence that the answer to this question is yes. Specifically, an intron-less MER2 cDNA cannot fully complement for loss of Merl function in budding yeast, suggesting that the Merl protein may have a part to play in promoting the splicing of other pre-mRNAs required during meiosis [9] . While the question of whether the mei2-meiRNA complex has any part to play in regulating splicing remains to be answered, what recent results have nevertheless provided is a clear indication that non-coding RNA can play a direct role in regulating sexual development. It remains to be seen whether RNA-protein complexes akin to mei2-meiRNA in fission yeast will prove to play roles in a wider range of biological processes.
